The cancer-testis antigen NY-ESO-1 is one of the most promising candidates for generic vaccination of cancer patients. Here we analyzed the CD8 + T cell response to a NY-ESO-1 peptide vaccine composed of the two previously defined peptides 157-165 and 157-167, administered with GM-CSF as a systemic adjuvant. The NY-ESO-1 peptide vaccine elicited a CD8 + T cell response directed against multiple distinct epitopes in the 157-167 region, as revealed by using A2/peptide multimers incorporating overlapping A2 binding peptides in this region. However, only a minor fraction of the elicited CD8 + T cells, namely those recognizing the peptide 157-165 with sufficiently high functional avidity, recognized the naturally processed target on NY-ESO-1 + tumor cells. In contrast, the majority of peptide 157-165-specific CD8 + T cells exhibited lower functional avidity and no tumor reactivity. In addition, vaccine-elicited CD8 + T cells specific for other overlapping epitopes in the 157-167 region failed to significantly recognize NY-ESO-1-expressing tumor targets. Thus, because of the complexity of the CD8 + T cell repertoire that can be elicited by vaccination with synthetic peptides, a precise definition of the targeted epitope, and hence, of the corresponding peptide to be used as immunogen, is required to ensure a precise tumor targeting.
Both humoral and cellular spontaneous responses to NY-ESO-1 have been reported in a high proportion of patients with advanced NY-ESO-1-expressing tumors (9, 10) , underlining the high spontaneous immunogenicity of this antigen. Three peptides corresponding to overlapping sequences spanning the 155-167 region of the protein (155-163 QLSLLMWIT, 157-165 SLLMWITQC, and 157-167 SLLMWITQCFL) were initially shown to be recognized by a tumor-reactive CD8 + T cell line from a melanoma patient in a HLA-A*0201-restricted (A2-restricted) fashion (10) . By using a NY-ESO-1-specific tumor-reactive CD8 + T cell clone derived from tumor-infiltrating lymphocytes of a NY-ESO-1-expressing and seropositive patient, we have shown that, among these peptides, peptide 157-165 was the most efficiently recognized (11) .
The immunogenicity of NY-ESO-1-derived peptides was first evaluated in a clinical trial of vaccination of cancer patients in which the three previously described peptides were administered intradermally, first alone and then in combination with GM-CSF (12) , to cancer patients bearing NY-ESO-1-expressing progressive tumors. In NY-ESO-1 seronegative patients with no spontaneous CD8 + T cell response detectable before vaccination, a vigorous CD8 + T cell response to peptide 157-167 was observed, as detected by enzymelinked immunosorbent spot (ELISPOT), in four of seven vaccinated patients, whereas reactivity against peptide 157-165 appeared later and at a lower level. No reactivity to peptide 155-163 was detected in any of the vaccinated patients.
In this study, we analyzed the CD8 + T cell response to a NY-ESO-1 peptide vaccine in two synovial sarcoma patients and one leiomyosarcoma patient bearing NY-ESO-1-expressing lesions. Because of the data reported previously (12) , we chose to administrate a peptide vaccine containing peptides 157-165 and 157-167 together with GM-CSF. By analyzing the response to this vaccine with A2/peptide fluorescent multimeric complexes (multimers) incorporating overlapping A2 binding peptides in the 157-167 region, we detected a heterogeneous CD8 + T cell response directed against several distinct overlapping epitopes contained in this region. However, among the multiepitope-directed CD8 + T cells elicited by the vaccine, only those recognizing peptide 157-165 with sufficiently high functional avidity recognized the naturally processed target on NY-ESO-1 + tumor cells, whereas other overlapping epitopes did not appear to be significantly expressed by NY-ESO-1 + tumor cells.
Methods
Patients and vaccination protocol. Response to vaccination with NY-ESO-1 peptides was analyzed in two synovial sarcoma patients (LUD 24/1 and LUD 24/3) and one leiomyosarcoma patient (LUD 24/2). The three patients expressed A2 and had NY-ESO-1-expressing lesions. Informed consent was obtained for enrollment in an immunization protocol sponsored by the Ludwig Institute for Cancer Research (LUD 00-024). Patients were immunized at 2-week intervals intradermally with 100 µg of peptides NY-ESO-1 157-165 and 157-167 each in 300 µl 100% DMSO at separate sites of the forearm, for 11 weeks. GM-CSF (100 µg/day) was given subcutaneously as an adjuvant, daily, for 5 days, beginning 2 days before each set of peptide injections.
A2/peptide multimers and flow cytometry immunofluorescence analysis. PE-conjugated multimeric A2/peptide complexes containing NY-ESO-1-derived peptides (Table 1) were synthesized as described (13, 14) . Samples were stained with A2/peptide multimers (4.5 µg/ml) in PBS containing 0.2% BSA for 1 hour at room temperature, washed once in the same buffer, stained with anti-CD8 mAb (Becton Dickinson Immunocytometry Systems, San Jose, California, USA) for 20 minutes at 4°C, washed again, and analyzed by flow cytometry (Becton Dickinson Immunocytometry Systems). Data analysis was performed using Cell Quest software.
Cells. Patients' PBMCs were cultured in vitro for 1 week in CTL medium (15) containing hrIL-2 (10 IU/ml; Roche Pharma, Basel, Switzerland) and hrIL-7 (10 ng/ml; R&D Systems Europe Ltd., Abingdon, United Kingdom) in the presence of either peptide 157-165 or peptide 157-167 (1 µM, added at day 1). To reduce disulfide bonds present in the peptide solution, NY-ESO-1 peptides were preincubated for 1 hour at room temperature with the disulfide-reducing agent Tris [2-carboxyethyl] phosphine ([TCEP] 2 mM; Pierce Biotechnology, Rockford, Illinois, USA) (Weisan Chen, personal communication) before being used to stimulate patients' PBMCs or before functional assays (see below). In the latter case TCEP was further added during the assay at a final concentration of 500 µM. A2/peptide multimer + CD8 + T cells were purified from PBMCs either ex vivo or after in vitro stimulation with the indicated peptide by flow cytometry cell sorting and cloned by limiting dilution culture in the presence of PHA (Sigma-Aldrich, St. Louis, Missouri, USA), allogeneic irradiated PBMCs, and hrIL-2 as described (15) . Clones were subsequently expanded by periodic (3-4 weeks) restimulation under the same conditions. A2 binding and antigen recognition assays. Antigen recognition was assessed by chromium release assay (CTL assay). The A2 + human mutant cell line CEMx721.T2 (T2, A2 + NY-ESO-1 -) (16) or the melanoma cell lines Me 275 (A2 + NY-ESO-1 + ), NA8 (A2 + NY-ESO-1 -), Me 260 (A2 -) were used as targets. Briefly, after labeling with 51 Cr for 1 hour at 37°C followed by extensive washing, target cells (1,000/well) were incubated with effector cells at the indicated effector-to-target cell ratio (E/T) for 4 hours at 37°C in the absence or in the presence of the indicated synthetic peptide (1 µM). In peptide titration experiments, target cells were incubated with effectors at an E/T ratio of 10:1 in the presence of serial dilutions of the indicated peptide. Chromium release was measured in the supernatant of the cultures using a γ-counter. The percentage of specific lysis was calculated as 100 × [(experimental -spontaneous release) / (total -spontaneous release)]. Peptide binding to A2 was assessed in a functional competition assay based on inhibition of recognition of the antigenic peptide tyrosinase 368-376 by A2-restricted-specific CTL as described previously (11) . IFN-γ ELISPOT assay (17) was performed as described previously (11) .
Degradation of NY-ESO-1 peptides in human serum. Peptides were added to human serum (preheated for 10 minutes at 37°C) to a final concentration of 0.5 × 10 -4 M and incubated at 37°C. Aliquots (150 µl) were removed at the indicated time points and immediately frozen in liquid nitrogen to stop enzymatic reactions. Degradation samples were then tested in CTL peptide titration experiments on 51 Cr-labeled T2 cells as described above. Peptide degradation experiments, for both NY-ESO-1 and Melan-A control peptides, were performed under reducing conditions using TCEP as detailed above.
Results

Detection of NY-ESO-1 157-165-specific immune responses in sarcoma patients vaccinated with NY-ESO-1 peptides 157-165
and 157-167. PBMC samples available from three sarcoma patients were stimulated in vitro for 1 week with either peptide NY-ESO-1 157-165 (9-157) or 157-167 . Cultures were initially monitored by staining with A2/peptide multimers (M) containing peptide 9-157 (M 9-157, hereafter). M 9-157 + CD8 + T cells were clearly detectable for patient LUD 24/1 in postvaccination but not in prevaccination samples and after stimulation with either peptide 9-157 or 11-157 ( Figure 1 ). Similar results were obtained for patient LUD 24/3. For patient LUD 24/2, no prevaccination sample was available; however, M 9-157 + CD8 + T cells were detectable in the postvaccination sample after in vitro stimulation with peptide 11-157 but not with 9-157. Frequencies of M 9-157 + CD8 + T cells in in vitro peptide-stimulated postvaccination samples from the three patients are reported in Table 2 .
Identification of additional potential A2-restricted epitopes in the NY-ESO-1 157-167 region. To more comprehensively assess the response to the vaccine, we inspected the 11-157 sequence to determine if the latter could contain, in addition to 9-157, other not previously described CTL epitopes. As summarized in Table 1 , this region includes two additional nonapeptides and two decapeptides that may be presented in association with A2. The potential binding capacity to A2 of 9-and 10-mers in the 157-167 region was first determined using an algorithm that calculates the theoretical dissociation rate of the corresponding A2/peptide complexes based on their amino acid composition (available at Bioinformatics and Molecular Analysis section of the NIH: http://bimas.dcrt.nih.gov/molbio/ hla-bind; ref. 18). Experimental binding was assessed by using a functional competition assay as described previously (11) . Peptides 159-167 (9-159) and 158-167 (10-158) had a predicted binding superior to 9-157. This was confirmed by the experimental data in the case of 9-159 (Table 1) , whereas for 10-158 experimental binding was comparable to 9-157. In contrast, peptides 158-166 (9-158) and 157-166 (10-157) had very poor predicted binding. However, their experimental binding was comparable to that of 9-157. In support of the experimental binding data, efficient refolding of A2/peptide multimers was obtained for all NY-ESO-1 peptides listed in Table 1 .
Sarcoma patients vaccinated with NY-ESO-1 peptides 9-157 and 11-157 respond to distinct overlapping A2-restricted epitopes in the 157-167 region.
Postvaccination peptide-stimulated PBMC cultures from the three patients previously stained with M 9-157 ( Figure 1 and Table 2) were stained with the panel of A2/peptide multimers incorporating each of the 9-and 10-mers in Table 1 . As summarized in Table 2 , no significant staining was obtained in samples stimulated with 9-157 with any A2/ NY-ESO-1 multimers other than the one incorporating 9-157. The only exception was a relatively small population of M 10-157 + CD8 + T cells (0.27%; Finally, a small proportion of M 9-158 + CD8 + T cells were detected in the case of patient LUD 24/1 only. Several of the above populations were isolated from the corresponding culture by multimer guided cell sorting and further expanded in vitro by stimulation in the presence of allogeneic irradiated feeder cells and PHA as described previously (15) . The isolated populations were uniformly stained by the autologous A2/peptide multimers used for cell sorting. However, remarkably, none of these populations were significantly cross-stained by multimers incorporating the other NY-ESO-1-derived peptides (shown in Figure 2 for representative populations). Therefore, three distinct types of polyclonal populations, each specifically stained by the autologous A2/NY-ESO-1 peptide multimers used to isolate them (M 9-157, M 9-159, and M 10-158), were identified. Fine specificity of antigen recognition of distinct NY-ESO-1 multimer + CD8 + T cells recognizing overlapping epitopes in the 157-167 region. The fine specificity of antigen recognition of the CTL populations identified by multimers incorporating the different NY-ESO-1 peptides, as well as their extent of cross-recognition, was first analyzed in an ELISPOT assay (Table 3 ). CD8 + T cells isolated with M 9-157 crossrecognized 10-157 only; those isolated with M 9-159 cross-recognized 10-158 only; and those isolated with M 10-158 cross-recognized 9-159 and, in one case, 9-158. The relative efficiency of peptide cross-recognition was further assessed in peptide titration experiments in a functional CTL assay (results are shown, for representative populations, in Figure 3a) . Each of the three population types, characterized by a distinct pattern of multimer staining (Figure 2 ), recognized the peptide incorporated in multimers used for their isolation more efficiently than the other peptides. Significant cross-recognition of some of the latter, however, was found in each case. In line with the ELISPOT data, CD8 + T cells isolated with M 9-157 cross-recognized 10-157 more efficiently than the other peptides; those isolated with M 9-159 more efficiently cross-recognized 10-158; and those isolated with M 10-158 more efficiently cross-recognized 9-159. It is noteworthy that all sorted populations recognized peptide 11-157 with a roughly comparable efficiency. Polyclonal populations isolated from different individuals with multimers incorporating a given peptide exhibited similar cross-recognition patterns. In addition, similar results, in terms of cross-recognition patterns, were obtained with monoclonal populations Table 3 ) and CTL assay (Figure 3b 
polyclonal specific population as compared with the control clone LAU 156/5, we analyzed single clones obtained from M 9-157 + CD8 + cells by limiting dilution culture as described previously (20) . We found both tumor-reactive (i.e., clone LUD 24/1 1E5) and nontumor-reactive clones (i.e., clone LUD 24/1 3A7) (Figure 4a ). Consistent with our previous data showing that functional avidity of antigen recognition often correlates with tumor recognition, tumor-reactive clones recognized 9-157 more efficiently than nontumor-reactive clones. However, as reported previously (21), the difference in functional avidity of peptide recognition between tumor-reactive and nontumor-reactive clones was relatively small in this antigenic system (less than tenfold difference in the 9-157 peptide dose required to achieve 50% maximal lysis; Figure 4b ). Therefore, the low level of tumor recognition obtained with the M 9-157 + CD8 + polyclonal population was explained by a functional heterogeneity of the composing clones, only part of which was able to recognize antigen-expressing tumor cells. It is of note that, similar to what was obtained with polyclonal monospecific populations, clones derived from either M 9-159-or M 10-158-sorted T cells failed to recognize NY-ESO-1-expressing tumors, despite their high functional avidity of antigen recognition ( Figure 3) .
Ex vivo analysis of vaccine-induced 9-157-and 9-159-specific CD8 + T cells.
To further investigate if the results obtained after in vitro stimulation reflected the in vivo status in vaccinated patients, we performed the following experiments. First, the relative frequency of M 9-157 and M 9-159 CD8 + T cells was directly assessed ex vivo in PBMCs from patients LUD 24/2 and LUD 24/3. As shown in Figure 5a , M 9-159 CD8 + T cells were clearly detectable ex vivo in the case of patient LUD 24/3 (at a frequency of about 1/8,000 CD8 + T cells), whereas the frequency of M 9-157 CD8 + T cells was, for this patient, below 1/50,000 CD8 + T cells. In the case of circulating lymphocytes from patient LUD 24/2, both M 9-157 and M 9-159 CD8 + T cells were detectable ex vivo, the frequency of the latter population being about twofold higher than that of the former (1/13,000 and 1/6,000 CD8 + T cells, respectively). To establish if functional Table 3 ELISPOT analysis of A2/NY-ESO-1 peptide multimer + populations heterogeneity of antigen recognition and tumor reactivity of M 9-157 CD8 + T cells was also found ex vivo, M 9-157 CD8 + T cells were isolated from PBMCs of patient LUD 24/1 (the ex vivo frequency of the M 9-157 multimer + CD8 + T cell population in this patient was about 1/10,000 CD8 + T cells; Figure 5b ) by direct ex vivo sorting and cloned under limiting dilution conditions. As illustrated in Figure 5b , four of five specific 9-157 CD8 + T cell clones isolated following this procedure were able to specifically lyse NY-ESO-1-expressing tumor targets only in the presence of exogeneously added peptide, while the fifth was tumor reactive in the absence of peptide. Taken together, these data clearly show that the two main findings of this study, meaning the presence of substantial vaccine-elicited CD8 + T cell responses directed against cryptic epitopes and the poor tumor reactivity of most vaccine-elicited 9-157-specific CD8 + T cells, were found when analyzing vaccine-induced CD8 + T cell responses ex vivo, similar to what was obtained with peptide-stimulated cultures.
NY-ESO-1 peptides in the 157-167 region exhibit a remarkable resistance to degradation by serum proteases.
It was clear from both previously reported data (12) and the data reported above, that, compared with most other tumor antigen-derived peptides (22), NY-ESO-1 peptides used in this study, and particularly peptide 157-167, exhibited an uncommon immunogenicity. Although this can partially be ascribed to the presence within this region of multiple overlapping A2-restricted CD8 + T cell epitopes, as reported above, other factors such as susceptibility to degradation by serum proteases have been shown to
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The greatly influence peptide immunogenicity (23) . Therefore, it was interesting to analyze the degradation kinetics of NY-ESO-1 peptides in the 157-167 region in human serum. As illustrated in Figure 6 this analysis revealed a remarkable resistance to serum proteases of peptides 9-157 and 9-159, because no significant decrease in antigen recognition by the corresponding specific T cell population was detectable after 24-hour incubation in human serum (Figure 6a ). Remarkably, similar results were obtained with peptide 11-157 by using both M 9-157 + and M 9-159 + populations (Figure 6b ). Resistance to serum proteases was most likely related to the presence of C at position 165, because a 9-157 peptide analogue bearing a single A substitution at this position was susceptible to degradation by serum proteases, similar to what we have previously reported for a Melan-A-derived peptide (Melan-A 27-35) (23) used here as an internal control (Figure 6c ). Because of its resistance to serum proteases, we hypothesized that peptide 11-157 could bind to the A2 molecule and be presented to CD8 + T cells as such. Consistent with this hypothesis, efficient refolding of A2/11-157 multimers was obtained. Staining with M 11-157 of postvaccination samples stimulated with 11-157 revealed distinct populations of M 11-157 + cells that accounted for 3.5, 3.4, and 0.47% of total CD8 + T cells in the cultures for patients LUD 24/1, LUD 24/2, and LUD 24/3, respectively. In contrast, no significant levels of M 11-157 + CD8 + T cells were detected in cultures stimulated with 9-157. M 11-157 + CD8 + T cell populations were distinct from the ones detected with multimers incorporating shorter NY-ESO-1 peptides (Figure 2 ), because the latter were not crossstained by M 11-157 (not shown).
Discussion
Great attention is currently focused on the development of tumor vaccines that incorporate defined tumor antigen-derived peptides. In this regard, critical questions have emerged with respect to the optimal composition of such vaccines, in terms of the choice of the appropriate peptides, formulation (adjuvant and delivery mode), and molecular monitoring of the induced immune responses. In this study, we performed a thorough analysis of the CD8 + T cell response to a peptide vaccine composed of the NY-ESO-1 9-mer 157-165 and the 11-mer 157-167 by using A2/peptide multimers incorporating all potential 9-mers and 10-mers contained in the 11-mer. A salient finding was the large heterogeneity of the response elicited by the vaccine that encompassed T
Figure 5
Ex vivo analysis of vaccine-induced 9-157-and 9-159-specific CD8 + T cells. (a) Cryopreserved PBMCs from vaccinated patients were thawed, incubated overnight at 37°C in CTL medium, and stained with A2/9-157 or A2/9-159 multimers PE and anti-CD8 mAb FITC . (b) PBMCs from patient LUD 24/1 were stained as in a. M + CD8 + positive cells were directly isolated by cell sorting and cloned under limiting dilution conditions. Tumor recognition by T cell clones obtained following this procedure was assessed on Me275 (A2 + NY-ESO-1 + ) or NA8 (A2 + NY-ESO-1 -) tumor target cells at the indicated E/T ratio in the absence or in the presence of the corresponding peptide.
cells recognizing several overlapping epitopes in the 157-167 region. We isolated three types of CD8 + T cell populations that were clearly distinguishable by their pattern of multimer staining and their different fine specificity of recognition of NY-ESO-1 peptides. Interestingly, the populations identified by multimers incorporating 9-159 after in vitro stimulation of patients' PBMCs with peptide 157-167 were larger than that of most of the other populations, suggesting that CD8 + T cells specific for this peptide may dominate the overall response to the vaccine. Importantly, ex vivo staining of patients' PBMCs confirmed that M 9-159 + CD8 + T cells could be detected among circulating lymphocytes at a frequency comparable or superior to that of M 9-157 + CD8 + T cells. It is noteworthy that two additional populations were identified for patient LUD 24/1 upon staining with M 9-158 and M 10-157 (see Table 2 ). In addition, peptide 11-157 was able to bind to the A2 molecule and be recognized by distinct CD8 + T cell populations as such. Thus, taken together, the diversity of the response elicited by peptide 11-157 and detectable with multimers incorporating NY-ESO-1 peptides included six overlapping epitopes distinguishable by CD8 + T cells.
The molecular basis for the elicitation of this multiepitope response was elucidated by the finding that peptide 11-157 is remarkably resistant to degradation by serum proteases and can bind to the A2 molecule as such. This is consistent with previous data indicating that, although most peptides naturally bound to the A2 molecule are nine amino acids long (24) , longer peptides can also bind and be recognized by CD8 + T cells as distinct epitopes (25, 26) . Peptide 11-157 contains three amino acids, L158, L159, and M160 in the amino-terminal part of the peptide, and L167 at the carboxyl-terminal end, that are major anchors for binding the A2 molecule. Therefore, this peptide can most likely bind to and be presented in association with the A2 molecule in various conformations. Our data show that A2/peptide multimers incorporating overlapping 9-and 10-mers in the 157-167 region can efficiently mimic, when binding the A2 molecule, some of these conformations that are distinguishable by CD8 + T cells. These results also reveal that CD8 + T cells able to recognize each of these different conformations are available in the CD8 + T cell repertoire of cancer patients and can be primed by the vaccine.
A multiepitope CD8 + T cell response to a tumor antigen-de-rived peptide vaccine is highly desirable if all or most of the composing CD8 + T cell specificities recognize epitopes that are efficiently processed and presented by tumor cells. Peptide 9-157 corresponds to the epitope that we have shown previously to be optimally recognized by tumor-reactive CD8 + T cells isolated from melanoma patients with spontaneous responses to NY-ESO-1 (11) . Nonetheless, M 9-157 + CD8 + T cells isolated in this study from both in vitro peptide-stimulated PBMCs and, more importantly, directly from circulating lymphocytes, ex vivo, exhibited heterogeneous functional avidity of antigen recognition, and only a minority of them was reactive to NY-ESO-1-expressing tumors. Because of the simultaneous vaccination with peptide 9-157 and 11-157, it is not clear if one of these peptides, or both, is inducing the detected 9-157 CD8 + T cell response. It is possible that high-avidity 9-157 CD8 + T cells are exclusively induced by peptide 9-157. In favor of this hypothesis, we have recently observed a vigorous NY-ESO-1-specific tumor-reactive CD8 + T cell response in a melanoma patient vaccinated with peptide 9-157 alone in an independent trial (D. Valmori and D. Speiser, Ludwig Institute for Cancer Research, Lausanne Branch, unpublished data). Because of the ability of peptide 11-157 to bind to the A2 molecule in different conformations, A2/11-157 complexes may stimulate M 9-157 + T cells that differ from those stimulated by A2/9-157 complexes in terms of fine specificity and therefore functional avidity of antigen recognition. However, as the vaccine was administered with different adjuvants in the two trials (Montanide was used as an adjuvant in the Lausanne trial), it remains possible that both tumor-reactive and nontumor-reactive cells could be induced by either or both 9-157 and 11-157 in the vaccine formulation used here.
It is of note that A2/NY-ESO-1 multimer + CD8 + T cells specific for two of the additional epitopes identified here, including 9-159, were nontumor reactive. Interestingly, these results are in agreement with data obtained by using a proteasomal cleavage prediction program (developed at the Department of Biomathematics Immunology, the University of Tübingen, Tübingen, Germany; available at http://www.paproc. de/) (27, 28) that predicts a cleavage site after residue 165, but not after residue 167. Therefore 9-159 and 10-158 correspond to "cryptic" epitopes that are presented after exposure to the antigen in peptide form, but not after endogenous proteasomal processing. It is of note that, in agreement with these results, no specific CD8 + T cell response to any epitope other than 9-157 was detected in samples from melanoma patients with spontaneous responses to NY-ESO-1 after in vitro stimulation with peptide 11-157 (not shown). Interestingly, in a recent study, the dominance of a peptide-MHC class II conformation that displays a cryptic T cell epitope in a myelin basic protein-derived 13-mer peptide accounted for the inability of the latter in modulating the course of experimental autoimmune encephalomyelitis (29) . This suggests that the presence of dominant cryptic sequences within longer peptides can unpredictably influence their immunological properties.
Taken together, the data reported here demonstrate that vaccination with a synthetic NY-ESO-1 peptide that differs from the peptide optimally recognized by tumor-reactive CD8 + T cells only by the presence of two additional carboxyl-terminal natural amino acids can elicit a multiepitope CD8 + T cell response of unpredicted diversity that is mostly nonreactive to the tumor. These results raise concerns with respect to what might be an appropriate vaccine that efficiently and selectively stimulates tumor-reactive NY-ESO-1-specific CD8 + T cells. Because tumor recognition is selectively observed with high avidity 9-157-specific CD8 + T cells, this peptide should be used alone to stimulate CD8 + T cells in vivo. In general, when aiming at the elicitation of tumor-reactive CD8 + T cell responses, it would be recommended to use peptides that correspond as precisely as possible to defined CD8 + T cell epitopes naturally processed and expressed by tumor cells.
A NY-ESO-1 T cell epitope that overlaps the 157-167 region and is recognized by CD4 + T cells in association with HLA-DP4 (an MHC class II allele commonly expressed in Caucasians) has been described recently (157-170) (30) . CD4 + T cells specific for this epitope were isolated from the majority of NY-ESO-1-seropositive patients analyzed. In addition, and importantly, the large majority of melanoma patients with spontaneous NY-ESO-1-specific Ab responses expressed the DP4 allele. Tumor antigen-specific CD4 + T cells play a central role in initiating and maintaining host immune responses against cancer (31) . They exert their activity mainly by providing critical help for tumor-specific CD8 + T cells. It has been clearly shown that the immunogenicity of MHC class I peptides can be considerably augmented, both in terms of magnitude and life span of the elicited CD8 + T cell responses, by the simultaneous elicitation of CD4 + T cells, particularly if the latter are derived from the same antigen (32) . In addition, tumor antigen-specific CD4 + T cells can provide help for tumor antigen-specific Ab production by B cells. Interestingly, accumulating experimental evidence indicates that tumor antigen-specific Ab's may play an important role in cancer immunity by promoting cross-presentation of MHC class I-restricted epitopes by dendritic cells (33) .
In this context it is clear that the use of synthetic peptides encompassing both MHC-class I-and class II-restricted epitopes, as recently reported in the case of a HER-2/neu peptide vaccine (34), would be highly attractive because it could, in principle, result in the simultaneous elicitation of the different arms of specific immune responses to cancer. Nonetheless, the results of the present study indicate that this strategy may not be optimal in all cases and underline the importance of a thorough monitoring of the complete repertoire of specific T cell responses elicited by such vaccines. A more "physiological" approach for the simultaneous elicitation of relevant NY-ESO-1-specific CD8 + T cell, CD4 + T cell, and Ab responses could consist in the administration of peptides corresponding to precisely defined CD8 + T cell epitopes in combination with recombinant NY-ESO-1 protein.
